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Types of endocytosis used 
for antigen accumulation 




APCs internalize exogenous antigens using, 
to variable extents, the same mechanisms of 
endocytosis found in other celi types and 
organisms. 

Phagocytosis involves the ingestion of large 
particles or cells >1 |jm in diameter. Particle 
binding to specific receptors signals actin 
assembly and drives pseudopod extension 
and particle ngulfment. It has recently been 
proposed that the ER fuses with the celi 
surface to supply the extra membrane for this 
event, although this suggestion stili awaits 
direct support . 

Macropinocytosis is constitutive in M0 and 
immature DCs, but it can also be triggered by 
growth factors or certain pathogenic bacteria 
(e.g., Salmonella). Macropinocytosis is also 
actin-dependent and can account for the 
uptake of large quantities of extracellular fluid 
and fluid-dissolved antigens. 
Soluble receptor-ligand complexes are 
typically internalized by clathrin-coated 
vesiclesor (to a lesser extent) by caveolin- 
containing invaginations designated 
"caveolae." It is unclear if DCs exhibit this 
mode of uptake, but they may exhibit a 
related form of endocytosis that involves 
neither clathrin nor caveolin. Proteins 
internalized by any of these mechanisms 
eventually reach endosomal/lysosomal 
compartments, where they can be processed 
by resident proteases, but also recycled to 
the plasma membrane. 
Endogenous proteins in the cytosol or 
other organelles can also be imported into 
lysosomes by autophagy. 



The organelles 
of the endocytic pathway 




This figure illustrates the types of 
common endocytic organelles found in 
ali celi types, including APCs. Most 
receptor recycling occurs rapidly (t1/2 
1-2 min) via recycling endosomes, 
although a small fraction of recycling 
receptors (25%) reaches recycling 
endosomes from which the return to 
the plasma membrane occurs more 
slowly (20-30 min). Some transport 
from recycling endosomes to the Golgi 
complex may also occur. Ligands and 
receptors are targeted to lysosomes by 
being sorted from recycling receptors 
at the level of early endosomes. They 
are taken to late endosomes, which 
accumulate characteristic membrane 
inclusions (multivesicular bodies or 
MVBs) and then to lysosomes. This 
pathway exposes internalized cargo to 
a progressively lower pH and to higher 
concentrations of lysosomal 
hydrolases. Late endosomes and 
lysosomes probably are in continuous 
equilibrium with each other, with 
lysosomes fusing with late endosomes 
and being regenerated following 
complete degradation of digestible 
content. Caveolae mediate 
internalization to endosomes or to the 
ER (blue arrows). 



Multivescicular bodies (MVB) e 
Multilamellar bodies (MLB) 
sono tipi di compartimenti MHC-I 
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Schema delle 2 vie di processazione e 
presentazione dell'antigene 



Antigen Antigen MHC Peptide-MHC 

processing biosynthesis association 




CD4- 
Tcell 



Class II MHC pathway 



Via di processazione e presentazione 
dell'Ag tramite MHC-II 



Uptake of 
extracellular 
proteins into 

vesicular 
compartments 

of APC 



Processing 
of internalized 
proteins in 
endosomal/ 
lysosomal 
vesicles 



Biosynthesis and 
transport of 
class II MHC 
molecules 
to endosomes 



Association of 
processed peptides 
with class II MHC 
molecules in vesicles 



Expression of 
peptide-MHC 
complexes on 
celi surface 
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Le funzioni di li e HLA-DM 
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Via di processazione e presentazione 
dell'Ag tramite MHC-I 



Production of 
proteins in 
the cytosol 



Proteolytic Transport of 
degradation peptides from 
of proteins cytosol to ER 



Assembly of 
peptide-class I 
complexes in ER 



Surface expression 
of peptide-class I 
complexes 




Caratteristiche comparative delle vie di 
processazione e presentazione dell'Ag di 
MHC-I e MHC-II 



TABLE 6-5 Comparative Features of Class I and Class II MHC Pathways of Antigen Processing and Presentation 






Class I MHC Pathway 


Class II MHC Pathway 




Composition of stable peptide-MHC 


Polymorphic a chain, p\-microglobulin, peptide 








Peptide a 

1 

«U |52-microglobulin 


Peptide i 

| 




Types of APCs 


Ali nuclealed cells 


Dendritic cells, mononuclear phagocytes, B 
lymphocytes; endothelial cells, thymic epitheliuir 


: 


Responsive T cells 


CD8' T cells 


C04' T cells 




Source of protein antigens 


Cytosolic proteins Imostly synthesized in the 
celi; may enter cytosol from phagosomesl 


Endosomal and lysosomal proteins (mostly 
internalized from extracellular environmentl 




Enzymes responsible for peptide 
loaciing of MHC 


Cytosolic proteasome 


Endosomal and lysosomal proteases (e.g„ cathe 




Site of peptide loading of MHC 


Endoplasmic reticulum 


Specialized vesicular compartment 




Molecules involved in transport of 
peptides and loading of MHC molecules 


Cliaperones, TAP in ER 


Chaperones in ER; invariant chain in ER, Golgi a 
MIIC/CIIV; DM 




APC, antigen-presenting celi, CUV, i I.'ìks I \ 
uansporter associated with antigen pracess 


tu Ir EH ei"Uii,,\m i"rii.u!iim, MHC. major tiistocompat 

ng. 


oiltty complex; MHC. MHC class II compartment; TAP, 







Cross-presentation 



Antigen 
capture 

Infected cells 
and virai 
antigens picked 
up by host APCs 



Cross- 
presentation 



Tcell 
response 




Presentazione di antigeni citosolici 
endogeni e cross-presentazione 




La digestione di proteine ubiquitinate nei 
proteasomi avviene routinariamente, 
anche di proteine sintetizzate nel R.E. 




complesso Sec 61 
TRASLOCATORE PROTEICO 



2 



20/03/2012 



Ag presentation to different subsets of T cells previously 
primed by DCs in secondary lymphoid organs 



Antigen uptake Antigen 
or synthesis presentation 

A Class I MHC-associated presentation of 
cytosolic antigen to cytotoxic T lymphocytes 


T celi effector 
functions 
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Killing of 
antigen-expressing 
target celi 


Class II MHC-associated presentation of 
extracellular antigen to helper T cells 

Antigen in 

Macrophage Vl endosome l 
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lacrophage activation: 

destruction of 
Dhagocytosed antigen 
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B celi antibody 
secretion: antibody 
binding to antigen 



TCD8+ 
cytotoxic 



TCD4+ 
helper 



TCD4+ 
helper 



Immunodominance of peptides 



Internalization 
of antiger 
intoAPC 



Antigen 



Processing generates T cells 
multiple peptides, respond to 



of antigen 

processing one of which can bind immunodominant 
to class II allele peptide epitope 



Multiple possible 
epitopes 



Immunodominant 





Il sistema del complemento 



IL COMPLEMENTO 

> organizzazione 

> funzionamento 

> ruolo come effettore delle reazioni immunitarie 
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Complement 

Identified by Jules Bordet in the 1890's 

Immunized Sheep with Viàrio cholerae 

Mixed antiserum with Vibrio cholerae and observed 
that bacteria were lysed 

Heating at 56°C eliminated lysis 

Could restore lysis activity to heated serum by adding 
non-immune serum 

A heat-sensitive activity that "completes" or complements 
the ability of antibody to neutralize bacteria 



Il Complemento 

• Important nonspecif ic host def ense 

- works in both innate and acquired responses 

- group of ~20 blood proteins 

- made by liver hepatocytes, white blood cells 
(mostly during inf lammatory responses) 

• Work together in cascade reaction 

- "complements" the action of antibodies 

- helps destroy bacteria, some viruses 



Proenzima 1 4 Proenzima 2 4 Proenzima 3 Q 

Enzima Enzima attivo 2 /Enzima 




Zimogeni 



Figura 5.1 Diagramma della cascata del complemento che con- 
siste di fasi enzimatiche che coinvolgono pioenzimi inattivi (o zi- 
mogeni). Ogni fase comprende l'attivazione di un proenzima, so- 
lit.imenti da taglio pioteolitico Dopo l attiva/ione, l'enzima agisce 
su un substrato che e di solito un altro proenzim.i della cascata La 
sequenza degli eventi di attivazione culmina con due effetti finali 
sulla superficie estranea • l i deposizione, sulla superficie estranea, 
di proteine complementari (ad es. il componente C3b), che hanno 
la capacità di trasformarla in un bersaglio per numerosi funzioni 
effettua immunitarie, come la fagocitosi; e (2) formazione sulla 
superficie estranea di un ampio poro ttansmembr.inario. chiamato 
il MAC. 



Rappresentazione dei principali componenti ed azioni effettrici del 
complemento 




> eventi precoci 



V eventi tardiv 



Vie di attivazione del complemento 

• Via Classica - rapida ed ef f icente 

- scoperta per prima 

- parte della risposta immunitaria acquisita 

- ha inizio quando gli anticorpi si legano ai 
microorganismi 

- i componenti precoci sono CI, C2, C4 

• Via Alternativa - più lenta meno eff icente 

- forse più importante per la difesa contro batteri 

- lavora in assenza di anticorpi specifici 

- protegge precocemente durante un' inf ezione 

- inizia con le molecole del complemento B, b, e 
properdina 



Nomenclatura 

Componenti attivi della via classica definiti da una C ed un 
numero progressivo (assegnato in ordine di scoperta non in 
base alla sequenza di attivazione) 

Componenti attivi della via alternativa indicati da una lettera 
dell'alfabeto (es. B, D) 

I prodotti proteolitici sono indicati con una a (frammenti 
piccoli) o b (frammenti più grandi); unica eccezione C2a in 
alcuni testi 

Nella via lectinica, MASP= mannose binding lectine associated 
serine protease 
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